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Appendix O 
 
 
 

Unpublished Sources Cited in the Hanford Site Solid 
(Radioactive and Hazardous) Waste Environmental 

Impact Statement 
 
 

This appendix contains sources such as personal communications, memos, and other 
reference material.  These sources are listed in alphabetical order as they were called out in the 
text of this Hanford Site Solid (Radioactive and Hazardous) Waste Environmental Impact 
Statement, and each new source starts on a face page. 
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INFORMATION ON STEELHEAD REDDS 
FOUND ADJACENT TO 300 AREA 

M. R. Sackschewsky, T. M. Poston, J. L. Downs, B. L. Tiller 
 

15 August 2003 
 
 
On February 24, 2003, PNNL biologists working under the Public Safety and Resource 
Protection Program (PSRPP) identified two areas in the Columbia River along the 300 Area 
shoreline that appeared to be spawning sites (redds) recently built by one of two possible 
salmonid species (coho or steelhead).  The Washington Department of Fish and Wildlife 
(WDFW) was contacted about these observations and Mr. Paul Hoffarth (WDFW) subsequently 
inspected the sites and agreed that the redds in question were recently developed and were likely 
steelhead (Onchorhynchus mykiss).  At WDFW’s request and under their jurisdiction, PNNL 
staff collected two eggs from the site on March 20, 2003.  The State fish geneticist (Sewell 
Young) identified DNA from these eggs as steelhead in May, 2003.  We have yet to receive a 
copy of his report. 
 

BACKGROUND 
 
The Hanford Reach falls within the southern-most range of the upper-Columbia River Basin 
steelhead “ESU” (Ecologically Significant Unit ) and steelhead within this ESU are listed as 
federally-endangered, with the NOAA Fisheries (formerly the National Marine Fisheries Service 
[NMFS]) as the jurisdictional agency.  State and federal agency representatives have speculated 
that steelhead spawn throughout the Hanford Reach; however, there have been relatively few 
documented sightings of steelhead redds, with the exception of a few in the vicinity of the 
Ringold hatchery return (spring creek) during 2002 and 2001.  Earlier surveys (1999 – 2000) 
indicated potential spawning areas near 100-F slough, however a rapid increase in the water level 
after the aerial surveys made it difficult to verify the potential spawning areas as steelhead redds.  
Surveys conducted over 30 years ago during exceptionally low water levels identified active 
redds that were thought to be steelhead near Vernita bar, Coyote Rapids, Locke Island, 100-F 
islands, and Ringold (DOE/RL 2000).  In general, aerial surveys for steelhead redds have been 
ineffective due to high, turbid spring flows that obscure visibility. 
 
Steelhead are thought to spawn within the Hanford reach starting in early to mid February and 
continuing through late May or early June; water levels normally increase to the point that 
visibility through the water column is obscured by mid to late March.  Over the past five years, 
juvenile-emergent steelhead have been captured by both the WDFW and Columbia River Tribal 
Fish Commission (CRTFC) field crews while surveying for and collecting juvenile salmonids 
throughout the Hanford Reach.  Although juvenile fish may move some distance from where the 
redd was located, the juvenile steelhead that were captured were relatively small, and likely of 
local origin. 
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Therefore, although ample circumstantial evidence of steelhead spawning within the Hanford 
Reach has accumulated, these observations appear to be the first fully verified steelhead redds 
other than those located near the Ringold hatchery.  The redds at Ringold are located within the 
primary flow channel of the hatchery return, in a habitat that is not typical of the rest of the 
Hanford Reach, and the spawning adults were suspected to be returning hatchery fish. 
 
REDD LOCATIONS AND POTENTIAL EXPOSURE 
 
The location of the newly found redds (Figure 1) is of additional interest for two reasons.  First, 
they were located in a portion of the Hanford Reach previously considered as unsuitable, or 
undesirable steelhead spawning habitat.  In general, the area adjacent to the 300 Area is 
characterized by lower current velocity and larger average substrate size than is considered 
optimal for steelhead spawning areas (DOE/RL 2000).  However, the redds were located within a 
relatively small area that has higher current velocity and smaller-sized gravel in the substrate.  
Therefore, the steelhead were able to locate and use suitable micro-habitats within an otherwise 
unsuitable region.  We do not know if fish have used this site in the past or whether they are 
likely to return to this area in the future. 
 
The second issue with the location of these redds is their proximity to a known ground water 
seep that has elevated concentrations of several contaminants (uranium, selenium, and 
chromium) of which uranium is of most potential concern.  All of the seeps in the vicinity of the 
300 Area have been extensively monitored over the last several years in support of the 300 Area 
near-shore environmental characterization.  Recent results of this characterization are 
summarized in Patton et al. (2003).  The steelhead redds were found near one of the three 
primary 300-Area seep sites (Location #9; Patton et al. 2003).  Previous sampling of that seep 
found elevated levels of uranium in clams, crayfish, the seep water, and surface water collected 
from shallow (0.25m) sample locations, as well as in the sediments.  Some uranium 
concentrations at this site were found to be several times greater than the EPA drinking water 
standard of 30 µg/L (EPA 2002).  EPA has not established a ambient water quality criterion for 
uranium.  Uranium concentrations reported in the riverbank spring water at location # 9 were 
approximately 143 µg/L, and the values collected at a depth of 0.25 m were approximately 
85 µg/L.  Sediment U concentrations ranged from 3.8 to 11.5 µg/g.  These concentrations 
decreased quickly and significantly in both bivalves and water with increasing depth and 
distance from the shore; and at 1.5-meter water depths, the water and clam concentrations were 
similar to the results reported for an upstream reference site.  The redds were located at depths of 
between 0.5 and 1.5 meters and were between 5 and 10 meters from the shoreline during low-
flow periods (approximately 45,000 CFS). 
 
Based on the available sampling data and the fact that measurements for all contaminant 
concentrations decreased with depth and distance from shore, the potential exposure levels 
experienced by the eggs and juveniles within the redds were probably low.  However, a realistic 
estimate of the true ecological risk to these redds would require a significant amount of  
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additional work because accurate estimates of the uranium concentrations in the cobble or water 
within the redds are not available, and little is known about the toxicological effects of uranium 
on embryonic and juvenile steelhead. 
 
Few criteria are available to evaluate the potential toxicological or ecological impacts to juvenile 
fish or eggs exposed to elevated uranium concentrations in surface water.  For many 
contaminants, EPA has published acute and chronic ambient water quality criteria (NAWQC).  
The NAWQC are based on at least 5 acute tests and 3 chronic tests for several species of aquatic 
invertebrates and fish.  There is little aquatic toxicity data for uranium and NAWQC have not 
been established.  In their place, other benchmarks have been established from the limited testing 
results that are available.  These are categorized as screening benchmarks for potential toxic 
effects.  Suter and Tsao (1996) list several toxicological screening benchmarks for uranium and 
freshwater fish (see attachment on toxicological benchmarks).  For example, they list a Lowest 
Chronic Value (CV) of 142 µg/L, based on fathead minnow exposure and response.  The CV is 
defined as the lowest reported chronic exposure level from a single test that caused an effect.  
This value was calculated based on a single value of an acute test using the formula:  log CV = 
0.73 log LC50-0.70 where the LC50 refers to the lethal concentration for 50% of the population.  
These benchmarks are best compared to the concentration of uranium in Columbia River water 
that is usually about 0.5 µg/L [Poston et al. 2002].  Although the elevated uranium 
concentrations reported in water samples collected from the riverbank spring near the location of 
the redds are greater than some of the published values that are used to screen uranium as a 
potential contaminant of concern, the comparison with the benchmark values should not be 
construed as evidence of harm or as an estimate or assessment of ecological risk. 
 
In addition to elevated uranium, elevated concentrations (compared to background samples 
collected at Vernita) of selenium and chromium were found in seeps, surface water, and clam 
samples obtained within 10 meters of the steelhead redds.  However, the concentrations of these 
analytes in the seeps and surface water collected at location # 9 were well below the ambient 
water quality criteria (EPA 2002) or reported eco-toxicological benchmarks (Suter and Tsao 
1996). 
 
In summary, the primary impact to the steelhead redds found near the 300 Area is not likely to 
result from chemical, radiological, or toxicological effects.  However, the physical disturbance 
from activities that occur in the area associated with biological, hydrological, chemical, 
radiological, and physical characterization efforts (i.e., PSRPP and related activities) may need to 
be restricted either temporally or spatially to avoid negative impacts during the spawning period. 
 
ISSUES:  DISCUSSION AND PLANNED ACTIONS 
 
The presence of these steelhead redds in the Hanford Reach and their location near a seep with 
elevated contaminants gives rise to several issues that can be addressed through ongoing projects 
under the PSRPP or through integrated efforts of ongoing programs supporting clean up 
activities at Hanford.  
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There are four main issues related to the documented presence of this endangered species near 
the industrial facilities of the Hanford Site.   

1. Appropriate notifications should be made and consultations pursued, if needed, with federal and 
state agencies responsible for management of the species. 

PNNL has notified both the WDFW and NOAA Fisheries regarding discovery of the redds and 
will continue to pursue discussion and correspondence with the agencies regarding steelhead 
spawning in the Reach with respect to DOE activities.  This notification may result in reopening 
the Section 7 consultation that resulted in the salmon and steelhead management plan.  The 
discussions should provide guidance as to any appropriate changes in management and 
monitoring of the species, and in how the species should be considered in planning and 
evaluation of cleanup scenarios, especially in the 300 Area.  
 
All interested parties currently work under the assumption that steelhead spawning occurs in the 
Reach and general management concerns are addressed in the existing management plan (DOE 
2000); substantial changes to species management are not expected for DOE.   
 
PNNL will work with NOAA Fisheries to determine whether administrative controls (such as 
site protection and work restrictions around the redds) are needed to restrict access to spawning 
areas during critical time periods.  This effort will be developed under current PSRPP projects 
and will be prioritized as needed within the current scope of the program.  
 
Current Status of NOAA Fisheries Consultations: 

 
Mr. Dennis Carlson of NOAA Fisheries was contacted on July 17, 2003 concerning the 300 area 
steelhead redds.  The overall situation was explained, and a simple plan of action was agreed 
upon.  It was agreed that the actions that require consultation are the continued sampling and 
monitoring in the area, not the exposure to the uranium plume. 
 
PNNL will prepare a letter that will constitute a Biological Evaluation (he said it does not need 
to be a formal Biological Assessment) of the proposed activities.  This will include a summary of 
the background information, details about the redds, descriptions of proposed sampling and 
monitoring activities in the vicinity of the redds, the mitigation measures that we propose (i.e., 
avoidance at critical periods), and our overall assessment of impacts to the steelhead.  Ideally, he 
will then provide us with a concurrence letter that would close out the consultation. 
 
PNNL will include a discussion of the uranium plume as part of the background information, 
such as where it came from, how long it has been there (these will establish that the plume is part 
of the baseline condition - i.e., it pre-exists at least the 1997 listing of the steelhead, and possibly 
the 1972 passage of the ESA).  We will also include the recently measured concentrations, 
discuss the dilution factors at the site, and we can provide whatever rudimentary toxicological 
information that is available.  Again, he definitely understood that the consultation issue is the 
continued physical activities near the redds and that in the long term, DOE is working toward 
reduction and elimination of the contaminant threats. 
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2. The distribution and abundance of steelhead spawning in the Hanford Reach are 
not well known or mapped. 

Survey and characterization information is needed to determine whether redds are established in 
proximity to Hanford industrial areas, groundwater seeps on the Hanford shoreline or in areas 
scheduled for characterization as part of Hanford clean up activities.  We do not know if 
steelhead are likely to reuse this site near the 300 Area in the future, or the importance of this 
spawning site to the overall population of steelhead in the Hanford Reach.  Aerial surveys should 
be conducted in late February or early March, before the start of the spring freshet, when water 
levels are relatively low and visibility is good.  Boat surveys should be scheduled to occur in 
conjunction with, or immediately following the aerial surveys so that confirmation can be 
obtained before the river rises.  Previous aerial surveys were performed during April or May 
when visibility is greatly obscured.  Early season aerial surveys might miss some of the later, and 
possibly peak-season, spawning, but would provide an indication of the number and distribution 
of spawning sites.  The Ecological Monitoring and Compliance Project (EMC) will prioritize this 
survey and inventory within the planned project dollars and scope for FY 2004.  Survey data and 
locations of any spawning sites would be maintained in the EMC geographic data base for the 
Hanford Site.  Information on the presence or absence of federally listed species is required for 
reaching a record of decision under CERCLA cleanup activities.   
 

3. Little information is available to characterize potential contaminant exposures or 
potential effects on juvenile or adult steelhead.   

The current Salmon and Steelhead Management Plan does not address potential contaminant 
exposures or potential effects on juvenile or adult steelhead.  The only discussion is in regard to 
ground water treatment activities that could alter the properties of the groundwater entering the 
river.  Consultation with NOAA Fisheries indicates that exposure to elevated uranium for the 
spawning site near the 300 Area is not an immediate or priority concern at this time. 
 
Response to this issue depends partially on whether additional survey data provide continued or 
new evidence of spawning sites in the Hanford Reach.  PNNL will evaluate avenues to acquire 
additional data to help assess the potential uranium exposure level within and adjacent to known 
redd locations.  Characterization and monitoring work accomplished under the PSRPP Surface 
Environmental Surveillance Project (SESP) and EMC will continue at the 300 Area and will 
increase over the next several years in the 100 Areas.  Increased survey and monitoring for 
steelhead redds in areas where contaminated groundwater plumes intersect the river may be 
initiated under EMC.  This monitoring should, at a minimum, entail an increased effort in the 
near shore areas of the 100 Areas and 300 Area where characterization work is being conducted.  
Increased survey efforts for steelhead will be considered during the annual internal design review 
for sampling under the PSRPP.   
 
Characterization of steelhead spawning distribution and abundance will also be identified by the 
PSRPP as a data need to the Ground Water Protection Program through the Characterization of 
Systems efforts.  EMC will prioritize this survey and inventory within the planned project dollars 
and scope for FY 2004.  Increased monitoring may be done in conjunction with other 
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characterization efforts already planned at each of the areas, but specific surveys for spawning 
sites should be planned early for each of the 100 Areas to minimize potential impacts of survey 
activities on juvenile steelhead.  PNNL will confer with NOAA Fisheries to determine if the use 
of an existing Section 10 (scientific collection) permit is appropriate, or negotiate a new Section 
10 permit before monitoring if any disruptive sampling (such as egg collection) is anticipated.   
 
The SESP has plans to continue sampling and measurement of water and sediment 
concentrations and biota tissue residues adjacent to the 300 Area spawning site.  These efforts 
may include collecting sediment / pore water samples at various substrate depths from the redd 
locations.  This sampling would need to be performed off season (i.e., between July and 
September and may require consultation with NOAA Fisheries.  Currently, several water 
sampling instruments are set a various depths into the substrate and are located within a meter of 
one of the steelhead redds.  Work involving measurements of water concentrations of uranium in 
the benthic community is currently underway as part of SESP/EMC integration effort.  It may be 
possible to use water sample results obtained from these sites to estimate actual ambient 
exposure levels in the redds.  PSRPP will assure that the field activities conducted in support of 
EMC, SESP, and GPP are integrated and coordinated. 
 
Ongoing work under the PSRPP should provide additional data to help clarify the potential 
exposure of redds in the Reach.  However, some data collection activities included in the 
characterization, such as sediment sampling, have the potential to adversely affect near-shore 
steelhead redds via direct physical disruption or through siltation or other disturbances.  These 
physical impacts are probably a greater potential threat to the redds than any potential eco-
toxicological impacts.  Mitigation of these physical impacts is likely to be the primary concern of 
NOAA Fisheries.  
 
Information developed through GPP groundwater monitoring and characterization of system 
work and under GPP science and technology tasks may provide data and predictive tools that 
could be used to provide additional information and insights in assessing potential contaminant 
exposure of steelhead redds in the Hanford Reach.  Planned local-scale groundwater transport 
model development and application in FY 04 and 05 within the 300 area will evaluate specific 
relevant technical issues that include: 
 

• Arrival of contaminants at the groundwater/river interface 
• Mixing of groundwater and surface water in vicinity of the river interface 
• The effect of seasonal fluctuations in river stage and bank storage on contaminant 

transport and potential exposure 
 

We anticipate that the broader comprehensive site evaluations using the System Assessment 
Capability modeling efforts will describe relative ecological risk for juvenile salmonids at a 
coarse scale for the river system; however, this would not provide detailed information on 
exposure and risk for specific spawning sites. 
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4. Relatively little information exists to document the toxicological effects of uranium 
on embryonic or juvenile salmonids. 

At the reported concentrations for the seep sampled at seep location 9, the uranium might present 
a toxicological hazard, but is well below the levels that could be considered to be a radiological 
hazard.  Existing Hanford projects are scheduled to provide additional data concerning the 
toxicological effects of uranium on eggs of young juvenile fish.  Plans have been submitted to 
address uranium toxicity in juvenile rainbow trout during FY05 under the Groundwater 
Protection Program (GPP).  Current plans are to initiate periphyton tests with uranium in 2004, 
followed by tests using rainbow trout in 2005.  The order of investigation might be changed if 
deemed necessary by DOE and NOAA Fisheries.  Current estimate to perform the rainbow trout 
toxicological work (including both feeding and immersion studies) under the GPP is 
approximately $300 K.   

The laboratory-based studies mentioned above will provide information for deducing 
toxicological properties of uranium in juvenile steelhead.  Determining ecological impacts to 
individuals and populations of the species would likely require additional field work to assess the 
uptake in natural settings.  A study similar to that recently performed to examine chromium 
uptake by juvenile fall Chinook salmon in the 100 Areas could be appropriate depending on 
locations of spawning sites and the data gathered through increased monitoring and 
characterization of both contaminants and steelhead spawning in the Reach.  Such a study will be 
considered in the annual PSRPP design review process. 
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Figure O.1.  Location of the Steelhead Redds near the 300 Area 
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Attachment 1.  Published Toxicological Benchmarks for Uranium Exposures of Fish 
 

For many contaminants, EPA has published acute and chronic ambient water quality criteria 
(NAWQC).  The NAWQC are based on at least 5 acute tests and 3 chronic tests for several 
species of aquatic invertebrates and fish.  There is little aquatic toxicity data for uranium and 
NAWQC have not been established.  In their place, other benchmarks have been established 
from the limited number of testing results that are available.  These are categorized as screening 
benchmarks for potential toxic effects.  Suter and Tsao (1996) list several toxicological screening 
benchmarks for uranium and freshwater fish.  These benchmarks can be compared to the 
concentration of uranium in Columbia River water that is usually about 0.5 µg/L [Poston et al. 
2002]:  
 

• Lowest Chronic Value (CV) - 142 µg/L, based on fathead minnow, this is defined as the 
lowest reported chronic exposure level from a single test.  It was based on a single value 
of an acute test and was calculated based on the formula: 
log CV = 0.73 log LC50-0.70 

 
• Lowest EC20 (Effective Concentration) – 455 µg/L, based on fathead minnow, this is the 

lowest calculated acute EC20 taken from the fathead minnow test.  In absolute terms, 
exposure of fathead minnow to this concentration would result in a loss of mobility in the 
exposed population 

 
• Population EC20 - 27µg/L, based on a calculated result from the single fathead minnow 

test.  It represents a concentration that would hypothetically produce a 20% reduction 
(mobility) in fish populations from long term exposure. 

 
• Secondary Acute Value (SAV) – 46 µg/L, based on two brook trout acute tests where the 

LC50 was 11,250 µg U/L.  The SAV was extrapolated from this data for the level not 
expected to have an adverse effect following an acute (short term or 96 hour) exposure. 

 
• Secondary Chronic Value – 2.6 µg/L, based on two brook trout acute tests where the 

LC50 was 11,250 µg U/L.  This chronic benchmark was further extrapolated from the 
acute tests and has a high degree of uncertainty. 

 
The secondary acute and secondary chronic values are based on a single study performed 

with brook trout and accordingly have a great deal of uncertainty associated with the predicted 
benchmarks.  The other set of values were based on acute studies using fathead minnows.  There 
applicability to exposure of steelhead embryos is open to debate, however, the benchmarks based 
on brook trout, as a member of the family Salmonidae, is more representative of the steelhead 
exposure scenario, than the data for fathead minnow. 
 

The uncertainty associated with the toxicity benchmarks is very high for several reasons.  
The toxicity tests were based on exposure to juvenile fish, where as the susceptibility of 
steelhead eggs and alevins (sac fry) to uranium exposure is unknown.  Uranium has complex 
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chemistry in freshwater that may influence its propensity for accumulation and toxicity in fish.  
Differences in water quality (e.g., carbonate concentration, pH etc.) may profoundly affect the 
response of aquatic organisms living in water containing elevated concentrations of uranium. 
 

The secondary toxicity benchmarks are calculated when there is insufficient data to generate 
National Ambient Water Quality Criterion.  They represent concentrations of uranium in water 
that are not expected to have an adverse impact on the species in question.  A review of the 
toxicity data in Suter and Tsao (1996) has revealed inconsistencies and contradictions in the 
analysis and reporting of uranium benchmarks.  These benchmarks are under further review.  As 
an inherently conservative process, there is a reasonable possibility that higher concentrations of 
U may not have an adverse effect on steelhead. 
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